I present a 'cumulative assessment model', which describes dyadic antagonistic encounters in which a contestant's decision whether to persist or to flee is based upon a cumulative sum of its adversary's actions. It is particularly relevant to ritualized fights in which only a certain total of direct physical damage can be tolerated, but it can also be applied to displays without physical contact provided they are subject to external time costs (such as from predation risk). The cumulative assessment model provides an alternative to the sequential assessment model or the war of attrition as a description of temporally extended displays. I describe how the three may be distinguishable in real situations by consideration of escalatory properties and of characteristic intrapopulation variation. The model predicts that, under some circumstances, losers may start the encounter at a lower level of intensity but increase that level more rapidly than winners. Such behaviour has been observed in the cyprinodont fish Aphyosemion striatum.
Antagonistic encounters between animals are not always brief. In staged contests between male convict cichlid fish, Cichlasoma nigrofasciatum, the exchange of display and attack manoeuvres can last over 20 min (Koops & Grant 1993) . In the wild, roaring contests between rutting red deer, Cervus elaphus, stags have been observed to drag on for an exhausting 40 min (Clutton-Brock & Albon 1979) . Even duels of aerobatic skill between short-lived damselflies, Calopteryx maculata, can continue for almost an hour (Marden & Rollins 1994) .
When contests continue for this long there is ample scope for significant temporal variation in the rate (or intensity) of whatever action is being performed; or, if a repertoire of actions is available, for variation in the relative proportions of different action types used. Such temporal variation during displays can be an important aid in understanding the assessment and decision rules that provide the framework in which a contest is acted out (Payne & Pagel 1997) . This is because different rules lead to different characteristic behaviour, and so those characteristics can be used in reverse to infer the nature of the rules operating. In this role, temporal variation should be placed alongside two other facets of antagonistic behaviour which have previously received much attention: contest duration, and ordering of phases. The present paper shows how decisions based on cumulative damage incurred can lead to behaviour with temporal variation of a kind not covered by previous models.
In Payne & Pagel (1997) three rules were compared: the sequential assessment rule, a 'best-so-far' rule, and a cumulative rule. The first of these is from the well established sequential assessment model (SAM) of Enquist & Leimar, in which, because information is assumed to be transmitted with error, the behavioural elements are repeated in order to allow, in a manner analogous to statistical sampling, an increasingly more accurate evaluation of relative fighting ability (Enquist & Leimar 1983; Enquist et al. 1990 ). Since an average is being sought, each contestant should give, or should seek to give, all its actions at the same magnitude. Although contestants' displays differ relative to each other, each should remain constant for the duration of a phase (different phases, distinguished by the use of different types of actions, may follow each other, but within each one the intensity should remain constant).
Under the best-so-far rule, encounters, for reasons given by Payne & Pagel (1996a) , are liable to be brief. Since the present paper is concerned only with extended contests, this rule will not be considered further here.
The cumulative rule described by Payne & Pagel (1996b) used a decision based on the sum of a contestant's own signal. This is equivalent to a decision based on the contestant's own energy costs: when a certain amount of energy has been expended, give
